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Abstract
Background The concept of balloon laparoscopy (B-
LSC) pursues the simpliﬁcation of conventional diagnostic
laparoscopy (LSC). The pneumoperitoneum is replaced by
a transparent balloon, which is positioned in front of the
optical system. It shall be shown that with this arrangement
diagnostic LSC can be performed outside of the operating
room without requiring general anesthesia.
Methods An inﬂatable balloon was developed for a 30/
3.5-mm rod lens. Intra-abdominally the balloon was
expanded to a diameter of 30 mm by air insufﬂation, and
B-LSC was performed. Twelve patients were examined in
general anesthesia before laparoscopic surgery. Twelve
patients were subjected to B-LSC fully awake or with
sedation (midazolam or propofol/S-ketamine) as a ‘‘sec-
ond-look’’ procedure by way of a ﬂexible trocar (port) left
in the abdominal wall at the end of previous operation.
Eight patients have been ﬁrst provided with a trocar under
sedation (midazolam or propofol/S-ketamine) combined
with local anesthesia, and B-LSC was performed before
laparoscopic surgery.
Results On a scale of 1–5, the general impression was
rated 1.9, the navigability to the different abdominal organs
2.5, the resolution 1.5, the stability of the system optic/
trocar 2.1, the suitability of the balloon format 1.9, and the
stability of the balloon against lateral shear forces 2.4. The
degree of painfulness of the examination was rated 2.8, the
tolerance of the port 1.4, and the degree of painfulness of
trocar placement at 2.5. On a scale of 1 to 3, the strain of
the abdominal musculature was rated 1.4 and the obstruc-
tion by adhesions 1.7.
Discussion B-LSC is technically practicable with good
imaging qualities and without requiring pneumoperito-
neum. It is tolerated in great extent under slight sedation
and particularly well under deep sedation. The procedure is
suitable for diagnostics of unclear abdominal conditions, as
a second-look LSC and also as a staging LSC.
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Today’s clinically established laparoscopy started on its
way at the beginning of the 20th century. The idea of the
pneumoperitoneum goes back to Keeling (1866–1945),
who originally had the intention to stop bleeding in the
abdominal cavity by means of an air tamponade [1, 2]. In
1938, Veress invented the well-known cannula used for the
creation of a pneumoperitoneum. This cannula was origi-
nally conceived for the purpose of creating a therapeutical
pneumothorax in the treatment of tuberculosis [3]. Further
technical achievements on the pathway of laparoscopy
were the automatic insufﬂators (1966), as well as the
introduction of video laparoscopy with image transfer to a
monitor (1982). The ﬁrst milestones in laparoscopic vis-
ceral surgery were set with the ﬁrst laparoscopic appen-
dectomy by Semm in 1982, as well as the ﬁrst laparoscopic
cholecystectomy by Mu ¨he in 1985 [3, 4].
By now, laparoscopic operation techniques performed
on the gastrointestinal tract have superseded conventional
laparotomy methods at numerous indications. The standard
for diagnostic purposes is still laparoscopy with a 10-mm
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The side effects of the pneumoperitoneum were ana-
lyzed en suite with the increasing propagation of laparos-
copy. Speciﬁc pathophysiological processes occurring with
the CO2 pneumoperitoneum can be related to the formation
of a metabolic acidosis by CO2 absorption, in conjunction
with increased postoperative pain, particularly in the
shoulder region, as well as gas embolism. Every form of
pneumoperitoneum can lead to hypoventilation and a
reduction of the cardiac output caused by the increased
intraabdominal pressure [5–10]. These aspects are not to be
neglected, particularly in case of older patients with an
increased cardiovascular risk proﬁle, and in case of obese
patients who already have an increased intra-abdominal
pressure [11, 12].
The N2O pneumoperitoneum is preferred in gastroen-
terological minilaparoscopy to avoid the postoperative pain
caused by the application of CO2, because N2O has an
analgesic effect [13]. The use of ambient air in the creation
of a pneumoperitoneum is problematic, because it leads to
inferior viewing, increased wound infections, and increased
postoperative pain [14].
The method of gasless balloon laparoscopy (balloon
LSC) described here has the intention to technically and
logistically simplify diagnostic laparoscopy outside of the
operating room. The risks connected with the pneumo-
peritoneum and with general anesthesia shall be avoided at
the same time.
The starting point for the development of balloon LSC
was the search for an improved method for the diagnosis of
unclear abdominal complaints. Conservative waiting or
early elective explorative laparoscopy is the alternative, for
which there are no deﬁnite and clear paths of treatment,
and the consequences of which can be far-reaching. A
quick look into the abdominal cavity would frequently be
desirable; however, but the complexity of diagnostic lap-
aroscopy under surgical conditions, together with the risks
of general anesthesia, do not seem justiﬁed. Other imaging
methods, such as ultrasound or computer tomography, do
not permit reliable assessments, speciﬁcally in the differ-
ential diagnoses of acute appendicitis or gut ischemia. In
unclear situations, we have diagnostic uncertainties that
unnecessarily increase the risk for the patient and the
treating team as well. On the other hand, there are
numerous unnecessary appendectomies still performed in
the context of diagnostic laparoscopy due to diagnostic
uncertainty.
Aside from the situation of an ‘‘unclear abdomen,’’ there
also is a similar diagnostic gap in the postoperative course
after surgical interventions concerning the abdomen. This
is conﬁrmed by a study that surgeons lack predictive
accuracy for anastomotic leakage in gastrointestinal
surgery [15]. Leakages could be identiﬁed at an early stage
by balloon LSC, and important therapeutical decisions
could be initiated promptly.
Staging laparoscopy for the diagnosis of the extent of
tumors and peritoneal carcinomatosis, including biopsy,
also could be simpliﬁed with balloon LSC.
Materials and methods
A balloon system was developed for the 30/3.5-mm
endoscope with a length of 300 mm (Wolf, Knittlingen,
Germany). This system consisted of a stabilizing metal
sleeve, at the end of which a foldable, transparent balloon
was attached; the other end was provided with a sealing
closure device. After creation of a minimally invasive
access to the abdominal cavity, the balloon system was
introduced with the aid of a guidance rod. The endoscope
was introduced into the balloon system after retraction of
the guidance rod, then the system was sealed by the closure
device, and the balloon was expanded to a diameter of
30 mm by external inﬂation with 30 ml of air. The image
transfer was performed by means of a conventional lapa-
roscopy camera, which was connected to the endoscope.
The intra-abdominal organs were accessed and depicted by
speciﬁc external guidance of the camera (Figs. 1 and 2).
The study was performed in accordance with the Ger-
man Medical Device Directive (MDD) with the consent of
the responsible ethics committee (A ¨rztekammer Nordrhein,
Germany) in correspondence with the Declaration of Hel-
sinki (1964). After obtaining the written consent to par-
ticipate in the study, 32 patients (18 women; mean age,
Fig. 1 Principle of balloon LSC. The transparent balloon in front of
the endoscope is intra-abdominally ﬁlled with air and is guided
through the abdominal cavity together with the optical system.
Pneumoperitoneum is not required
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12360.1 (± 16.3) years) were included. All patients had been
fasting preoperatively. Exclusion criteria were age younger
than 18 years, the taking of anticoagulants or coagulation
disorders, as well as pregnancy and nursing period. Fifty
percent of the patients had previously undergone abdomi-
nal surgery. All examinations carried out in the context of
the study were performed as supplementary measures in
addition to the indicated operations.
Two study groups with respectively 12 patients were
formed, as well as one study group with 8 patients
(Tables 1, 2). In group 1 (8 women; mean age, 52.4 (range,
25–72) years; body mass index (BMI), 27.3), balloon LSC
was performed on 11 patients under general anesthesia
before the beginning of a surgical intervention (laparo-
scopic cholecystectomy (n = 5), laparoscopic sigmoidec-
tomy (n = 3), laparoscopic appendectomy (n = 2),
conventional gastrectomy (n = 1)). An advanced perito-
neal carcinomatosis was established by balloon LSC for
one patient of group 1, just as it was conﬁrmed by fol-
lowing conventional laparoscopy, so that the planned
operation was not performed. The required minilaparotomy
was partly performed infraumbilical (n = 9) and partly
supraumbilical (n = 3).
In the second group, balloon LSC was intended as a sec-
ond-look procedure performed on 12 patients (6 women;
mean age, 66.6 (range, 41–80) years; BMI, 27.0) after vis-
ceral surgical intervention. Balloon LSC was performed on
the ﬁrst postoperative (n = 11) or second postoperative
(n = 1) day by ﬂexible trocar (port), which had been posi-
tionedintheabdominalwallduringthecourseoftheprimary
surgery. The second-look examination was performed in the
intensive care unit, the postanesthesia care unit, or an inter-
vention room of the outpatient department under monitoring
of ECG, blood pressure, and O2 saturation. Five probands
underwent examination without sedation and ﬁve probands
receivedslightsedation(max.5 mgofmidazolam)aswellas
analgetics(viaperiduralcatheteroropioidsintravenous)and
were responsive during the examination. Two patients
received deep sedation with propofol (40–60 mg) and S-
ketamine (10–15 mg). The primary operations involved
were laparoscopic cholecystectomies (n = 2), laparoscopic
sigmoidectomy (n = 3), conventional right hemicolectomy
(n = 2), conventional sigmoidectomy (n = 1), choledo-
chojejunostomy (n = 1), partial gastrectomy (n = 1), sub-
totalcolectomy(n = 1)withpartialgastrectomy,aswellasa
laparoscopic fundoplication (n = 1).
In the third group (4 women; mean age, 62.8 (range, 44–
84) years; BMI, 26.6), eight patients were examined by
balloon LSC without general anesthesia before the begin-
ning of laparoscopic operations (laparoscopic cholecys-
tectomy (n = 6), laparoscopic appendectomy (n = 2)).
The access was performed by a special optical trocar
conceived for the 3.5-mm endoscope, which was provided
with transparent and atraumatic tip geometry for trocar
placement under viewing.
All eight patients received local anesthesia (mepiva-
caine 1%) in the area of the incision. First, small depots
were administered subcutaneously for skin analgesia (1–
2 ml), as well as epifascially (0.5 ml). After perforation of
the fascia with the cannula, the bulk quantity of local
anesthetic was deposited in the preperitoneal space below
the fascia (approximately 5–8 ml).
Aside from local anesthesia, two patients received slight
sedation with midazolam (3–5 mg) and were responsive
during the examination; six patients were provided with
deep sedation using propofol (60–160 mg) and S-ketamine
(15–30 mg).
The following technical parameters and patient toler-
ance were evaluated by the surgeon or patients by means of
an assessment sheet:
1. Visualization/general impression
2. Navigability to the various abdominal organs
3. Resolution
4. Stability of the combined systems optical system/
trocar
5. Suitability of the balloon format
6. Stability of the balloon against lateral shear forces
7. Painfulness of the examination maneuver
Fig. 2 Balloon system with
introduced laparoscope
(3.5 mm)
Table 1 Overview of the three groups
Group
1
Balloon LSC in general anesthesia (n = 12)
Before laparoscopic operations
Access by mini-laparotomy
Group
2
Second-look balloon LSC without general anesthesia
(n = 12)
Without sedation (n = 5), midazolam (n = 5),
propofol ? S-ketamine (n = 2)
Examination on ﬁrst (n = 11) or second (n = 1)
postoperative day
Access via port
Group
3
Trocar introduction and balloon LSC without general
anesthesia (n = 8)
Midazolam (n = 2), propofol ? S-ketamine (n = 6)
Before laparoscopic operations
Access with optical trocar
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1238. Patient tolerance of the port
9. Painfulness of trocar placement
10. Strain of the abdominal musculature
11. Obstruction of the examination by adhesions
Results
Of the 11 investigated parameters (Figs. 3, 4, 5), the ﬁrst 6
parameters referring to the technical qualities of the bal-
loon system were evaluated in all 3 groups (n = 32). The
parameters referring to patient tolerance of the method
(parameters 7–9) as well as parameter 10 (strain of the
abdominal musculature) were assessed in the groups 2 and
3 (sedated patients, n = 20). The rating of parameter 11
(obstruction by adhesions) was performed in all three
groups (n = 32). Parameters 1–9 were classiﬁed on a scale
of 1–5 (1 = very good, 5 = very bad / 1 = no pain,
5 = severe pain). Parameters 10 and 11 were classiﬁed on
a scale of 1–3 (1 = no occurrence, 3 = extreme
occurrence).
Complications did not appear in connection with balloon
LSC. Vasovagal reactions were not detected at any
examination.
In group 2 (second look), two of ten patients stated that
they felt stronger pain at the beginning, therefore both of
their examinations were aborted. The two last examinations
in group 2 were therefore performed under deep sedation
Table 2 Evaluation of the 11 parameters in the respective groups
Parameter Group Results Scale
1. Visualization/general impression 1–3 1.9 (±0.7) 1–5 (1 = very good, 5 = very bad)
2. Navigability to the different abdominal organs 1–3 2.5 (±0.8) 1–5 (s. 1.)
3. Resolution 1–3 1.5 (±0.6) 1–5 (s. 1.)
4. Stability of the combined system optic/trocar 1–3 2.1 (±0.6) 1–5 (s. 1.)
5. Suitability of the balloon format 1–3 1.9 (±0.4) 1–5 (s. 1.)
6. Stability of the balloon against lateral shear forces 1–3 2.4 (±0.8) 1–5 (s. 1.)
7. Painfulness of the examination maneuver 2 ? 3 2.8 (±1.1) 1–5 (1 = no pain, 5 = severe pain)
8. Patient tolerance of the port 2 1.4 (±0.7) 1–5 (s. 7.)
9. Painfulness of trocar placement 3 2.5 (±0.9) 1–5 (s. 7.)
10. Strain of the abdominal musculature 2 ? 3 1.4 (±0.5) 1–3 (1 = no occurrence, 3 = extreme occurrence)
11. Obstruction by adhesions 1–3 1.7 (±0.8) 1–3 (s. 10.)
Fig. 3 Examination technique (n = 32)
Fig. 4 Patient tolerance
Fig. 5 Additional parameters
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problems. In group 3, the ﬁrst two patients under slight
sedation (midazolam) expressed that they partly felt
increased pain during the examination; therefore, the fol-
lowing examinations in group 3 were conducted under
deep sedation (propofol/S-ketamine) (Figs. 3, 4, 5, 6, 7, 8,
9).
Discussion
Laparoscopic operation techniques are regarded as mini-
mally invasive compared with operations that use laparot-
omy as an access procedure. Classic laparoscopy for purely
diagnostic purposes is inﬂicted with risks and it is techni-
cally complex due to the pneumoperitoneum and general
anesthesia compared with noninvasive imaging methods.
Minilaparoscopy, which can be performed under deep
sedation, has found wide-spread propagation in gastroen-
terology with the purpose of avoiding general anesthesia.
Optical systems with diameters\3 mm are used, but the
creation of a pneumoperitoneum is required [16–18]. The
diagnosis of unclear hepatic diseases is of great interest
from the viewpoint of gastroenterology. The macroscopic
results of the liver constitute an important supplement, in
addition to the pathological specimen [19–21].
Fig. 6 Introduction of the optical trocar via an infraumbilical incision
(screen shot)
Fig. 7 Liver and gallbladder (screen shot)
Fig. 8 Appendix (screen shot)
Fig. 9 Oviduct (screen shot)
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neum have been developed for laparoscopic surgery. With
the aid of special retractors introduced intra-abdominally
by way of minilaparotomy, the abdominal wall can be
lifted. A visual space in analogy to the pneumoperitoneum
is created under the abdominal wall in this manner [22–25].
However, abdominal wall lifting systems do have disad-
vantages with regard to practicability and overview [26–
28]. The difference in postoperative pain perceived in case
of CO2 gas laparoscopy compared with gasless lift lapa-
roscopy is only insigniﬁcant [29]. Deep sedation is not
sufﬁcient, because the abdominal wall lifting systems are
designed for abdominal interventions.
The balloon LSC technique introduced in this study
renders the creation of a pneumoperitoneum as not
required, and it can be performed without general anes-
thesia outside of the operating room. It could be shown by
the study that this method is technically practicable and is
tolerated well by the patients under sedation.
The 3.5-mm optical system permits an optimal illumi-
nation of the ﬁeld of vision (Figs. 7, 8, 9). The balloon in
front of the lens prevents disturbing tissue contact, as well
as the condensation of vapor on the optical system.
Retraction and cleaning of the optical system, a frequent
and disturbing necessity in conventional laparoscopy,
becomes obsolete. Together with the magnifying effect of
the camera, the system provides high-resolution close-ups
with constant distance to the object. Thus, examinations
between the intra-abdominal organs are possible without
additional instruments.
The metal shaft of the balloon system guarantees
mechanical protection of the optical system against buck-
ling or creasing. The range of the optical system is cor-
rectly dimensioned with 300 mm, which permits access of
all intra-abdominal organs in cases of moderately adipose
patients (8 patients with BMI[30). However, the space
available for movement is limited in cases of massive
obesity (1 patient with a BMI of 40.1) due to preperitoneal
soft tissue inhibition. A compromise between maneuver-
ability and sufﬁcient overview was found with a balloon
format of approximately 30 mm in diameter. Balloon
systems used in totally extraperitoneal hernia surgery
(TEP) have considerably greater diameters and are
unsuitable for maneuvering between the abdominal organs.
Balloon diameters\30 mm would not provide a sufﬁcient
overview.
It could be shown with regard to patient tolerance that
balloon LSC is largely tolerated by patients who are
slightly sedated (midazolam) and responsive. However,
deep sedation with propofol (60–160 mg) and S-ketamine
(5–30 mg) has proven to be generally effective to avoid
pain.
A great inter- and intra-individual variability of pain
sensation has been noticed in the second-look examina-
tions. Pain could be primarily provoked when maneuvering
the balloon system intra-abdominally in the area of the
incision in the abdominal wall, as well as by a stretch
stimulus applied to the peritoneum. The moving of the
balloon system outside of the primary surgical area was,
upon direct questioning, at times hardly perceived and at
times not noticed at all.
Respiratory depression is not expected considering the
relatively low dosages of propofol and S-ketamine referred
to. Therefore, the presence of an anesthetist is not required
if the patient has fasted and if corresponding monitoring
(ECG, blood pressure, O2 saturation) is ensured.
The presence of the port in the time between the primary
operation and the second-look (group 2) was not consid-
ered as bothersome or annoying by the patients. The sec-
ond-look examination was, however, normally performed
on the ﬁrst postoperative day, so that the observation period
was kept relatively short. Balloon LSC appears to be par-
ticularly suitable for the early elective control of critical
anastomosis with intraoperatively doubtful perfusion.
Balloon LSC also is advised without delay to exclude
manifest anastomosis insufﬁciency upon clinical suspicion
of such (mostly after the third postoperative day), before
inﬂammatory adhesions obstruct the maneuvering of the
balloon system.
Balloon LSC has interdisciplinary ranges of application.
In the adjacent disciplines of gastroenterology, gynecol-
ogy, and urology, it could enlarge the diagnostic spectrum
as it has in intensive care medicine [30–32]. The utilization
of balloon LSC also is conceivable in the ﬁelds of heart and
blood vessel surgery (postoperative control of bowel per-
fusion), video-assisted thorax surgery (VATS), senology
(revision of breast implants), and in neonatology (diag-
nostics of enterocolitis necroticans).
It could be shown by this study that balloon LSC con-
stitutes a safe and simple method for short-term diagnostics
of unclear abdominal complaints, for staging laparoscopy,
and for postoperative control. More advanced and further
developed balloon systems for the extraction of biopsies
are presently in the trial-testing phase. Future investiga-
tions will show the transferability of balloon LSC to ﬂex-
ible endoscopes, for imaging of spaces that are difﬁcult to
access.
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